Objective-While the majority of women quit smoking either before or during pregnancy, 60 to 80% relapse in the postpartum period. The objective of this research was to examine postpartum women who quit smoking during their pregnancies and to determine the predictive factors for relapse in the postpartum period by identifying different subgroups that predict risk of relapse.
. A return to smoking has an impact not only on a woman's health but also on her infant and family (Marble, 1996; Schoenborn, Vickerie, & Barnes, 2003) . The period of cessation is typically 6 to 12 months (USDHHS, 2000) . This suggests that the problem should not be viewed from the typical relapse model but rather from a prevention perspective. The purpose of this study was to examine postpartum women who quit smoking during their pregnancies from a prevention perspective and determine the predictive factors for relapse in the postpartum period
Cessation and Relapse during Pregnancy
Pregnancy, considered the "golden opportunity" for cessation, is associated with a marked increase in quit attempts. Approximately 26% of pregnant women are current smokers (Coleman & Joyce, 2003) . Studies have claimed as high as 40 -50% self-reported cessation rates during pregnancy with the use of various interventions (Coleman & Joyce; Fingerhut, Kleinman, & Kendrick, 1990; Kahn, Certain, & Whitaker, 2002; Walsh, Redman, Brinsmead, Byrne, & Melmeth, 1997) . These have included self-help programs, telephone and face-to-face counseling, support groups, newsletters, kits and booklets. Unfortunately the 60 -80% relapse rate occurs regardless of the cessation interventions employed (Fingerhut et al., 1990; McBride et al., 1999; Stotts, et al., 2000) . One consistently strong predictor of continued smoking and/or relapse, in pregnancy-related smoking cessation, is being partnered with a smoker (Gulliver, Hughes, Solomon, & Dey, 1995; Hakansson, Lendhals, & Petersson, 1999; McBride et al., 1999; Woodby, Windsor, Snyder, Kohler, & DiClemente, 1999; Ziebland & Fuller, 2001) . Mullen (2004) synthesized the findings from the intervention trials, predictor studies and qualitative work undertaken between 1985 and 2003. Her review confirmed the need for examination of this transition from pregnancy to postpartum in relation to smoking relapse. Mullen made specific recommendations for future research, including attending to partner smoking status and support, research involving low socioeconomic status women, development of a standard for cessation, exploration of intrinsic and extrinsic motivators, and use of staging criteria for postpartum smoking prediction rather than relapse prevention alone.
Transtheoretical Model
The Transtheoretical Model (TTM) is one of the most widely used models of behavior change. One application involves tailoring messages to the individual, which has proved very effective in smoking cessation, increasing exercise, improving diet, decreasing UV exposure, and increasing adherence to mammography use in general populations (Greene, et al, 1998; Hollis, et al, 2005; Prochaska, et al, 2001a; Prochaska, et al, 2001b; Prochaska, et al, 2004 , Rakowski, et al, 1998 Velicer, Prochaska, & Redding, 2006) . Stage of change is the central organizing construct of the model. Stage of change represents the temporal or evolutionary dimension integrating current behavior and intention to engage in the new health behavior (Prochaska et al., 2005; Velicer, Prochaska, Fava, Rossi, Redding, & Laforge, 2000) . The five stages are Precontemplation -the person has no intention to change behavior in the foreseeable future, Contemplation -the person is aware that a problem exists but has not yet made a commitment to change behavior, Preparation -the person is intending to take action in the next 30 days and has made an attempt to change behavior in past year, Action -the person is involved in overt behavior change, and Maintenance -the person has been successful in behavior change for six months and is actively working to prevent relapse. The other dimensions of the model are the independent variable dimension, including the processes of change, and the intermediate variable dimension, which includes the decisional balance, and situational temptations. Tailored interventions can use a sequential approach, providing feedback based on the TTM variables, typically in order of largest effect size, or simultaneously Velicer, Prochaska, & Redding, 2006) . In the simultaneous case, the feedback is based on the profile of the individual across different TTM variables (Levesque, Driskell, & Prochaska,2008) .
For smoking cessation, a series of cluster analysis studies starting with Velicer et al (1995) have found consistent subtypes within each stage of change. The subtypes have been replicated across multiple samples for smoking cessation (Anatchkova, et al, 2005 , 2006a , 2006b , Dijkstra, Bakker, & de Vries, 1997 Kremers, Mudde, & de Vries, 2001 , Norman, Velicer, Fava, & Prochaska, 2000 . Recently the same typology has also been replicated with other behaviors (Santiago Rivas et al, 2010Santiago Rivas et al, 2011 a , 2011b .
Prevention Subtypes
The model has also been applied to the development of prevention programs for smoking, alcohol use, and other behaviors. Parallel to the stages of change for cessation, a staging algorithm has been developed for prevention, called the Acquisition Stages of Change. Three Stages of smoking Acquisition (Pallonen et al., 1998) have been identified: Acquisition Precontemplation (aPC) -the person has no intention of acquiring this behavior, Acquisition Contemplation (aC) -the person is considering acquiring this behavior but not within the next six months, and Acquisition Preparation (aPR)-the person intends to acquire the behavior in the next 30 days. Other researchers have employed the same or similar stage of acquisition idea (Aveyard, Lancashire, Almond, & Cheng, 2002; Otake & Shimai, 2002; Kremers de Vries, Mudde, &Candel, 2004) , including the susceptibility concept of Pierce and colleagues (Unger, Johnson, Stoddard, Nezami, &Chou, 1997; Pierce JP, Choi, Gilpin, Farkas, & Merritt, 1996) .
School-based smoking prevention programs are typically identical for all students. Tailoring prevention materials to focus on individual needs with an emphasis on students at highest risk is a promising alternative. Recent prevention programs have tailored materials based on the Stages of Acquisition, an extension of the Stages of Change used to tailor smoking cessation materials effectively for adults However, about 90% of nonsmoking adolescents classify themselves in the aPC stage, which limited the degree of tailoring that could be done. The interventions have resulted in only minor gains (Hollis, Polen, Whitlock, Lichtenstein, Mullooly, Velicer, & Redding, 2005) .). Velicer et al (2008) performed a cluster analysis within the acquisition Precontemplation group, using the Decisional Balance and Situational Temptations scales, for three random subsamples of adolescents within the aPC stage (N 1 = N 2 = N 3 = 514). Four distinct subtypes were identified in each subsample: High Risk, Most Protected, Ambivalent, and Risk Denial. External validity was established using family support for nonsmoking, peer variables, and stage classification at follow-up assessment (12, 24, and 36 Months). Family support for nonsmoking was related to subtype much more strongly than peer interactions. Subjects in the Most Protected subgroup were the most likely to remain in the aPC stage at each follow-up assessment. Velicer, et al, (2009) replicated the same four types for both smoking and alcohol in five subsamples of middle school students. Subtype membership, along with membership in the aC and aPR stages, provides important additional information for tailoring smoking prevention materials. Tailored interventions can focus on those adolescents at highest risk and limit or avoid expending resources on those at very low risk.
Most recently Thyrian, Hannover, Roske, Rumpf, John and Hapke (2006) replicated the four subtypes within the acquisition Precontemplation stage among ex-smoking postpartum women. During the study 1,128 women identified as smokers at the beginning of pregnancy. The sample included the 317 women who claimed to have quit during pregnancy and were smoke free at the time of delivery. Examining the self-efficacy, pros and cons of remaining a nonsmoker, Thyrian et al. identified the 4-cluster solution as most interpretable. A logistic regression was performed to identify variables that would predict smoking status at 12 months postpartum. Cluster assignment was predictive of smoking status, whereas partner smoking status, age, education, breastfeeding and treatment group assignment were not significant. Members of the "high-risk group" were 5.77 times (p <.01), "risk-denial group" were 5.01 times (p <.01), and the "ambivalent group" were 3.26 times (p <.01) more likely to return to smoking at the 12-month follow up than those in the "most protected" group.
Study Overview
Utilizing the TTM as a conceptual framework, the purpose of this prospective longitudinal survey research was to examine the stage of change, decisional balance and temptation to smoke among postpartum women who quit prior to or during their pregnancy. A cluster analysis of the postpartum women, who claimed an intention to remain abstinent postpartum, was conducted to identify subgroups of this sample that could benefit from different tailored interventions for relapse prevention. Data from two months after the baseline assessment was employed to provide initial external validity. The information gained from this study may lead to development of a tailored intervention program to improve rates of continuous abstinence for postpartum women.
Method Sample
Eligible women were of any race, age, ethnicity, and marital status, in the immediate postpartum period (defined as the first week following delivery), had a history of smoking, claimed to have quit smoking within the past twelve months, and spoke English. The project received full approval from the hospital's human research committee and the institutional review board of the university where the principal investigator was enrolled. Over the eighteen months of recruitment, 144 women gave informed consent and were enrolled in the study; 23 of these women claimed an intention to return to smoking and were consequently excluded from further analysis. This study focused on the subsample of 121 women who classified themselves as being in the (aPC) stage; those with an intention to remain abstinent from smoking postpartum. The sample is described in greater detail in Table 1. For the second assessment, participants were asked to complete questionnaires and to return them in a pre-addressed stamped envelope provided. Participants who did not complete and return the surveys were given the option of completing via email or telephone survey with the research staff. Of the 121 (ac-PC) participants originally enrolled 77 (63.7%) returned the completed surveys via mail, 34 (28.1%) via telephone, 2 (1.6%) via e-mail and 8 (6.6%) were lost to follow-up.
Procedure
Participants were asked to complete questionnaires during the postpartum hospital stay and again at two months postpartum. Recruitment of participants was conducted from November 2005 until May 2007 at the obstetrical services of two major teaching hospitals in the Northeast region of the United States. Women were screened by study staff during their immediate postpartum stay.
Women were asked about their smoking status during the past 12 months and their willingness to participate in the study. Women who self-identified as smokers and indicated that they had quit smoking within twelve months of their delivery, and gave informed consent were enrolled in the study. Participating women were then mailed follow-up surveys approximately eight weeks after delivery.
Measures
Sociodemographic Measures-Sociodemographic information included, age, race/ ethnic group, educational attainment, socioeconomic status, marital status, obstetrical history (number of pregnancies, including number of children currently living with the participant), and smoking history (e.g., age at onset, pack/year history, smoking status of social network, number of previous quit attempts, and house smoking rules). Information on infant feeding status (breastfeeding, bottle-feeding or combination), general health of women and their infants, and sleep pattern was also collected.
Stages of Change Measure-The staging algorithm for acquisition was employed. Participants were classified as acquisition-precontemplators (aPC) if they claimed no intention to return to smoking; acquisition-contemplators (aC) if they claimed they were uncertain but wished to remain nonsmokers for six months; and acquisition-preparers (aPR) if they planned to return to smoking in the next 30 days.
Perceived Partner Support for Not Smoking-The scale asked participants to rate how often their partner discussed or provided positive support for their cessation efforts. The measure was a four-item five-point Likert scale questionnaire adapted from the adolescent smoking acquisition studies (Redding et al., 1998; Redding et al., 1999) .
Decisional Balance Inventory-The Decisional Balance Inventory (Velicer et al., 1985) is a 12-item scale using a five-point Likert rating of 1 (not important) to 5 (extremely important) measure of the importance of reasons and concerns relating to smoking. It is based on the Janis and Mann model (1977) and produces two subscales, the Pros of Smoking and the Cons of Smoking.
In this study the reliability analysis of the Decisional Balance Inventory had higher Coefficient Alphas when one item was deleted from both the Pros and Cons. "My family and friends like me better when I'm happily smoking than when I am miserably trying to quit," and "I'm embarrassed to have to smoke," were the deleted items. Cronbach's alphas for the remaining items were .74 (pros) and .74 (cons). (Velicer et al, 1990) consists of 18 items in a five-point Likert format from 1 (not at all tempted) to 5 (extremely tempted) and assesses the participant's level of temptation to smoke in various situations. Previous studies have reported that all forms of this scale have demonstrated fair to excellent internal reliability with Cronbach's alphas between .68 and .92 as well as construct and predictive validity (Velicer et al., 1990; Pallonen et al., 1998; Plummer et al., 2001) . For this sample the Cronbach's Alpha was .93 for the 18 items analyzed.
Situational Temptations Inventory-The Situation al Temptations Inventory

Cluster Analysis
Variables are routinely standardized to a comparable metric prior to clustering to equalize the contribution of each variable to the outcome of each study (Aldenderfer & Blasfield, 1984) . For our study, all the variables to be included in cluster identification procedures (Decisional Balance -Pros and Cons-, and Self efficacy) were standardized to T-scores (M = 50, SD = 10). This procedure has been used in comparable cluster analysis studies (Anatchkova, et al., 2005 (Anatchkova, et al., , 2006a (Anatchkova, et al., , 2006b Norman et al., 2000; Velicer et al., 1995) .
Similarity measures have been developed to estimate the similarity or proximities, between the individuals. The most commonly used is the squared Euclidean distance (Everitt, Landau, & Leese, 2001 ) which was employed in this study. The squared Euclidean distance metric was calculated on the three standardized variables: Pros, Cons, and Self-efficacy.
Ward's minimum variance method (Ward, 1963) was employed to form the clusters. Several indices were used to determine the number of clusters: the cubic clustering criterion (CCC), the pseudo F test (Calinski & Harabasz, 1974) , and the pseudo t 2 test. Values of the CCC greater than 2 or 3 indicate good clusters. A local peak, followed by a drop in the value of the CCC, indicates an appropriate number of clusters for the data (SAS Institute Inc., 1999). The pseudo F statistics, where large values indicate a stopping point, and the pseudo t 2 were also used. Following the results from the three indices, visual inspection of the cluster profiles was also performed with a focus on the shape (configuration of the scores; pattern of dip and rises), level (the mean score of the case over all the variables), and scatter (the standard deviation or dispersion of the scores) of the profiles. In this sample the four cluster solution was the most interpretable when compared with the three and five cluster solutions in scatter and shape. In previous studies where multiple subgroups were available, the three and five cluster solutions did not replicate across samples Velicer et al, 2009) . It is graphically depicted in Figure 1 . (Cluster labeling belowreflected the labels used in previous studies.)
Results
In this study, the first cluster was labeled Ambivalent and included 36 (29.75%) of the women. The profile was relatively flat with pros, cons and temptations close to the mean of 50.
The second cluster was labeled High Risk and included 25 (20.66%) of the women. The profile was characterized by a "V shape" with high temptations to smoke (more than 1 SD above the mean), high pros (almost 1 SD above the mean) and average cons.
The third cluster was labeled Most Protected and included 36 (29.75%) of the women. The profile was characterized by an "inverted V" shape with low temptations to smoke (more than 1 SD below the mean), low pros (about 1 SD below the mean) and cons close to the mean.
The fourth cluster was labeled Risk Denial and included 24 (19.84%) of the women. The profile was also a "V" shape with average temptations, higher than average pros (almost 1 SD above the mean) and lower than average cons (1 SD below the mean).
External Validity
A logistic regression was performed to establish external validity for the cluster solutions using smoking status at the two month time point as the outcome variable. The forced entry method was employed for building the regression model. The cluster variables as well as variables not utilized in development of the clusters, but with a theoretical significance to the outcome variable, were entered as the independent variables. The four clusters ("protected" as the reference), as well as variables consistently associated with relapse; partner smoking status (nonsmoker as the reference), education (> high school graduate as the reference), and breastfeeding (bottle feeding as reference) were evaluated. The logistic regression shown in Table 3 examined the 4-cluster solution, age, partner smoking status, education, and exclusive breastfeeding. Only the clusters and exclusive breastfeeding were statistically significant in this model. Cluster membership more than doubled the odds of relapse for the "high risk", "risk denial" and "ambivalent" groups (OR >2.6; "most protected" cluster as the reference category). Exclusive breastfeeding, showed a negative relationship to relapse reducing the odds of relapse by more than half (p < .05). At the 2-month assessment 35% of the sample had relapsed to smoking. Current smoking status evaluated in its association with the individual's cluster prediction revealed that approximately 50% of the participants in the "high risk cluster" resumed smoking by two months postpartum. The "ambivalent" and "risk denial" participants relapsed at a rate of 40% while only 20% of those in the "most protected cluster' had resumed smoking at the two-month assessment. There was a significant difference in the likelihood of resuming smoking at 2-months postpartum. Members of the most protected cluster were less likely to resume smoking than members of the other three clusters (χ 2 = 4.67, df = 1, p < .05).
Discussion
The constructs of the TTM -decisional balance (pros and cons of smoking) and temptations to smoke-were successfully utilized to identify subtypes or clusters within the aPC stage of change. Additionally various levels of risk were predicted based on an individual's cluster membership. Predictions based on the TTM constructs were statistically supported at the 2-month follow-up with members of the "most protected" cluster remaining nonsmokers when compared with members of the ambivalent," "risk denial" and "high risk" clusters.
The cluster analysis presented here replicates those obtained in previous studies examining adolescent acquisition (Velicer et al, 2008 (Velicer et al, , 2009 , and German postpartum reacquisition (Thyrian et al., 2006) . With unique populations such as adolescents who have not yet started to smoke and postpartum women who have quit for pregnancy, subdivision of the acquisition-precontemplation stage has revealed some distinct differences on which tailored interventions may be applied (Dijkstra, Bakker, & de Vries, 1997; Kremers, Mudde, & de Vries, 2001; Norman, Velicer, Fava, & Prochaska, 2000; Pallonen, Prochaska, Velicer, Prokhorov, & Smith, 1998; Velicer et al., in press) . In these very different populations, the same four clusters have been identified within aPC stage. This provides potential avenues for intervention work.
Utility of Clusters
Everitt, Landau, and Leese (2001) provide a description of the many reasons for developing a classification system and provide numerous examples from different branches of science. Of particular interest in the area of health promotion is that the identification of cluster subtypes has the potential to guide the development of tailored interventions for the promotion of sun protection habits. Tailored interventions have typically been based on or developed by employing a series of variables identified as critical to success and then using those variables sequentially to subdivide the sample ). An alternative method is to use the cluster subgroups as the basis for tailoring and assign individuals to groups based on their distance from each of the subgroups (for an example of this approach, see Levesque, et al.,2008) . There is no evidence suggesting which approach is the most effective.
Cluster Analysis: The Importance of Replication
Replication is critical for any cluster analysis study since the cluster analysis is an exploratory method that will always produce clusters. If there are no natural clusters, the methods results in 'dissection' (Everitt, Landau, & Leese, 2001) . If natural clusters exist, they should demonstrate internal cohesion (homogeneity) and external isolation (separation). Replication provides critical evidence that the correct number of clusters has been selected and can help guide the interpretation of the clusters. The present exploratory analysis could not be divdied into subgroups because of the limited sample size. However, if the results of this study are placed in the context of the other smoking prevention studies that have investigated subgroups within ac-PC stage, the results are impressive. The same four clusters have been found and replicated repeatedly. Velicer et al (2008) first reported these clusters for smoking cessation with adolescents with multiple replications reported within that study. The cluster membership was predictive of future acquisition. The same clusters were found in a large adolescent aPC sample for both smoking acquisition and alcohol acquisition and replicated in five subsamples for both (Velicer, et al, 2009 ). The same analysis was first performed within a postpartum sample in Germany and the same four clusters were found there (Thyrian, et al, 2006) ). We consider this cross sample, cross culture, and cross behavior replication to represent a real strength of this study.
Designing Interventions based on Clusters
The prevention subtypes provide information about the chance of relapse for the participants. Abstinence rates may be strengthened by tailoring interventions to the characteristics of the individuals within a specific cluster. Members of the Most Protected cluster perceived the cons of smoking as high, the pros of smoking as low and did not feel tempted to smoke in many situations. Interventions with these women could be minimal; a clinician working with a "most protected" client would simply provide support for her current behavior.
Conversely women in the High Risk cluster are very strongly tempted in different situations, perceive many advantages and only some disadvantages of smoking. A clinician must focus on the following interventions with these women, highlighting tempting situations for the client, developing strategies for avoiding tempting situations, and overall strengthening of the client's self-efficacy to remain a nonsmoker since this group is at greatest risk for relapse.
Women in the Ambivalent Cluster perceive only moderate disadvantages to smoking but also see only moderate advantages, as well as average temptations, to smoking. Interventions with these women could include a general discussion of smoking versus nonsmoking and reinforcement of cessation rather than resumption of their "suspended" behavior.
Women in the Risk denial cluster have a very low perception of the disadvantages of smoking. Members of this group also have moderate temptations and perceive average advantages of smoking. Interventions with this cluster need to include heightened awareness of the cons of smoking. Clinicians need to discuss the continued disadvantages of smoking above and beyond pregnancy complications, particularly the hazards of environmental tobacco smoke exposure to their infants and families..
Limitations
The major limitation of this research is sample size. Although it was determined that a minimum of 120 participants would be necessary, based on the estimate derived from the formula to yield an 80% chance of detecting a 5% difference in the characteristics of those that comprise the various stages of change, frequency of the various TTM stages varied greatly, resulting in highly disproportionate categories. Of the 144 participants recruited 121 fell into the acquisition-precontemplation stage (ac-PC), 22 in the acquisition-contemplation stage (ac-C), and only 1 was acquisition-preparation (ac-P). Consequently mean comparisons of these groups were not possible.
As this research was longitudinal, retention is another important factor. Of the 144 women who originally consented and participated in the baseline survey 131 (91%) returned the 2-month follow-up survey. As further analysis was conducted with the subsample of the 121 acquisition-precontemplators retention of these participants must be considered. Eight of the 121 that identified themselves in ac-PC were lost to follow-up; this represented a 6.6% attrition rate in the sample. While overall less than a 10% loss of participants is considered adequate for data analysis, this decrease given the smaller original sample size may have played a role in the lack of differentiation on some variables. Additionally the follow-up was conducted at 2-months postpartum at this point only 35% of the total sample had relapsed; follow-up at 6 or 12-months postpartum may have replicated previous research more closely as these are the timeframes used more consistently in the literature (McBride et al., 1999; Stotts et al., 2000; Thyrian et al., 2006; Woodby et al., 1998) .
The use of self-report for smoking status rather than biochemical marker validation may be considered a limitation of this study. However participants were asked multiple questions including; "Have you taken even a puff of a cigarette since the birth of your baby?", to determine smoking status. Previous research has found this to an accurate measure for smoking cessation (Velicer, Prochaska, Rossi, & Snow, 1992) .
Generalizability of the sample may also be a limitation. Participants were recruited almost entirely from a single postpartum unit in a major metropolitan city in the Northeast. The majority of the sample was white, and had a higher level of educational attainment than other samples in the literature as well as the broader US population of postpartum women with a history of quitting smoking during their pregnancy (USDHHS, 2000) . However consistency between some aspects of these findings and Thyrian et al.'s (2006) work in Germany argues that the role of the cluster variables may generalize to this broader population of US women. While Thyrian et al.'s sample was also a predominantly white sample; his participants varied more in education than those in this study sample.
Conclusions
Intervention work stemming from the use of prevention subtypes confirmed in this study may strengthen abstinence rates. Implications of the cluster membership include the ability to tailor interventions to the individual which has been found to be more effective in preventing relapse than standard interventions. Overall the predictive value of the clusters suggests avenues for interventions. Tailoring information based on the clusters may present an effective tool for improved smoking cessation among postpartum women.
Highlights
• This study focused on women who quit smoking either before or during pregnancy but then relapse during the postpartum period.
• A cluster analysis found four subgroups.
• The clusters were labeled Most Protected, Ambivalent, Risk Denial, and High Risk.
• The clusters and exclusive breastfeeding were the only significant predictors of relapse at 2-months postpartum.
• The results confirmed the clusters previously identified in prevention research with both adolescents and postpartum women. 4-Cluster solution for sample of 121 women who quit smoking for pregnancy and planned to remain nonsmokers postpartum. 
